INTRODUCTION
reported the need for increased dosage of d-tubocurarine chloride to achieve appropriate muscular relaxation in seven patients with liver dysfunction. The dosages cf d-tubocurarine chloride required in these patients were at least double those in the :WO controls. El Hakim and Baraka (1963) confirmed these findings in patients with bilharzial cirrhosis of the liver. OnE possible mechanism is that the increased requirements are due to a change in the albumin/globulin ratio. Increase in the globulin fraction results in a greater number of silent receptor sites for plasma blinding of tubocurarine, leaving less unbound drug to effect the neuromuscular junction. Baraka and Gabali (1968) examined the tubocurarine requirements in 52 patients during the course of a standardized anaesthetic; comparing those with electrophoretic estimations of plasma proteins and deriving correlation coefficients. They found a highh" significant positive correlation between the level of gamma globulin and the dose of relaxant expressed as mg/kg. It was decided to investigate this phenomenon and determine any relationship to specific immunoglobulin leveb.
METHOD
Two groups of patients were studied, comparing tubocurarine dosage with the results of electrophoresis of plasma proteins.
In the first group tubocurarine dosage was determined clinically as thE amount needed to maintain adequate muscular relaxation and to achieve control of ventilation.
In the second group the dosage needed to establish neuromuscular blockade was assEssed by peripheral nerve stimulation.
PROCEDURE

Group I
In the first series, 29 patients were anaesthetized using a standardized protocol. This consisted of :
Premedication with pethidine and atropine, induction of anaesthesia with thiopentone and endotracheal intubation after injection of suxamethonium.
Anaesthesia was maintained with nitrous oxide and oxygen. A minute volume of 15-20 litres a minute was used to achieve hyperventilation. On recovery from suxamethonium, 15 mg of tubocurarine was given. Incremental doses of 5 mg were injected as required to maintain adequate muscular relaxation and controlled ventilation. The total drug requirements in the first hour and a half were recorded, and the dose calculated as mg per kg and mg per square metre body surface area. Venous blood for plasma protein estimation was collected as close in time as possible to induction of anaesthesia.
Total plasma protein was measured using a Hitachi hand protein refracto-meter.
Electrophoresis was carried out on cellulose acetate membrane with a Beckman Microzone apparatus, and individual fractions analysed with a Spinco Analytiol Densitometer. Levels of immunoglobulins G, A and M were measured by 1 adial immunodiffusion (" Immunoplates ", Hyland Laboratories, California).
Group II
In the second series neuromuscular blockade in 35 patients was assessed by supramaximal stimulation. Evaluations of the evoked muscular response was achieved. Incremental doses of tubocurarine were added every five minutes until the response to tetanic stimulation became zero, and further 5 mg amounts were given whenever neuromuscular transmission returned during the 90-minute period of assessment. As a further extension to the second part of the study the plasma volume was measured directly using p31 RI.S.A. in a Volemetron. The figure obtained was multiplied by the plasma protein estimates to derive a static glimpse of each protein's intravascular mass at a time near induction of anaesthesia. Regression analysis was performed on each pairing of relaxant dosage and plasma protein and the correlation coefficients wele derived.
RESULTS
Group I
In the first series the clinical requirements of tubocurarine were paired with the plasma protein results. The Pearson correlation coefficients are shown in Table 1 . The total gamma globulin and the gamma A globulin figures (r= +0 ·37 and r=O ,42) are statistically significant (P =0· 05), as are the slopes of these three regression lines. · .
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Group II (1) The second series involved ablation of neuromuscular response, and the doses required for this effect to be first seen, as well as the 90-minute doses, were examined as the totals mg per kg, and mg per square metre of body surface area. The relationships between dosage and the plasma protein patterns were examined, and no significant correlations were found. The Pearson correlation coefficients for the gamma globulins and dosage combinations are presented in Table 2 .
(2) The remainder of the pairs gave poor correlation.
COMPARISON OF SERIES 1 AND SERIES 2
The different methods of assessment of requirements in the two series resulted in markedly different dosages, from 39±11 mg in the first 60 ± 13 in the second.
DISCUSSION
Only three pairs of results from tpe first series gave results which were statistically significant. These were in the gamma globulins, but two of thEm were in comparison with the absolute dose administered rather than with the amount per kg or square metre. This led to the postulate that the difficulty in repeating the work of Baraka and Gabali (1968) might arise from variations in the clinical necessity for further tubocurarine. However, any tendency for a binding relationship seen in the first series had completely disappeared in the second.
The assessment of neuromuscular blockade by supramaximal ulnar nerve stimulation enables evaluation of evoked muscular response (Katz 1965) . A force transducer unit was not available, so pressure readings were taken from an aneroid manometer which was attached to a syringe (Brunner and Badcla 1969) . Since the responses of this system are _ not accurate throughout the entire range, graded measurements are unreliable. Hence the second series received additional tubocurarine until the rEsponse to tetanic ~timulation became zero. This is usually when no other muscular response to tetanus could be seen; a limited group of studies where a force transducer was employed simultaneously gave nearly coterminal end points (unpublished data). The testing of neuromuscular transmission by supramaximal nerve stimulation is not new. Its employment to produce ablation of response and maintain this to derive a timed dose offers yet another method of examining and comparing relaxants. 
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With a reasonably accurate means of assessing twitch depression the response could be hEld near a predetermined level so that the timelimited dose response curves for two or more non-depolarisers could be determined throughout the clinical range of each relaxant.
It would seem that the correlation data between plasma protein levels and tubocurarine dosages does not easily give significant relationships, and the relationship between gamma globulin and the drug, expressed as mg per kg, found by Baraka and Gabali (1968) could not be substantiated. This could be due to differences in the responses of patients in Beirut and Sydney, or to lack of control in one of the otber factors which may affect the pharmacodynamics of tubocurarine. Recently Stovner et al. (1971) have reported a significant" (r=O '47) correlation between gamma globulin and tubocurarine dosage expres~ed in mg per square metre of body surface area could be demonstrated, though less so (r=O '34) when examined as mg per kg.
There has been very little in-vitro measurement of the binding of tubocurarine by plasma proteins. Aladjemoff et al. (1958) showed it had a binding preference for globulin, but this was not confirmed by Cohen and his co-workers (1965) . The latter looked at the metabolism and elimination of the drug using tritiated tubocurarine, and they again showed plasma binding, but they did not look at individual protein fractions. Kraemer et al. (1971) found that two consecutive days of plasmaphoresis caused a hitherto effective curare dose not to produce neuromuscular block, and this was associated with the appearance of a new protein band which migrated to the cathode ahead of the globulins; incubation with tritiated curare showed that the specific activity of the albumin band was approximately doubled. These recent results would reinforce Goldstein's comment (1949) tbat "remarkably few drugs show a primary affinity for globulins".
